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MAGNETIC MEMORY HAVING ANGLED THIRD CONDUCTOR 

Background of the Invention 
[0001] One type of non-volatile memory, known as magnetic random access 
memory (MRAM), includes an array of magnetic memory cells. The magnetic 
memory cells may be of different types, such as magnetic tunnel junction (MTJ) 
memory cells or giant magnetoresistive (GMR) memory cells. Typically, a 
magnetic memory cell includes a layer of magnetic film in which the orientation 
of magnetization is alterable and a layer of magnetic film in which the 
orientation of magnetization may be fixed or "pinned" in a particular direction. 
The magnetic film having alterable magnetization is referred to as a sense layer 
or data storage layer and the magnetic film that is fixed is referred to as a 
reference layer or pinned layer. 

[0002] Conductive traces referred to as word lines and bit lines are routed across 
the array of memory cells. The word lines extend along rows of the memory 
cells and the bit lines extend along columns of the memory cells. A memory cell 
stores a bit of information as an orientation of magnetization in the sense layer at 
each intersection of a word line and a bit line. The orientation of magnetization 
in the sense layer aligns along an axis of the sense layer referred to as its "easy 
axis". The orientation of magnetization does not easily align along an axis 
orthogonal to the easy axis, referred to as the "hard axis". Magnetic fields are 
applied to flip the orientation of magnetization in the sense layer along its easy 
axis to either a parallel or anti-parallel orientation with respect to the orientation 
of magnetization in the reference layer. The resistance through the memory cell 
differs according to the parallel or anti-parallel orientation of magnetization and 
is highest when the orientation is anti-parallel, i.e. one logic state, and lowest 
when the orientation is parallel, i.e. the other logic state. 
[0003] In one configuration, a write circuit is electrically coupled to the word 
lines and the bit lines to write the state of a memory cell. The write circuit 
selects one word Une and one bit line to change the orientation of magnetization 
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in the sense layer of the memory cell situated at the conductors crossing point. 
A write current is passed through a word line to create a magnetic field along the 
hard axis and another write current is passed through a bit line to create a 
magnetic field along the easy axis. The hard axis magnetic field loosens the 
sense layer orientation of magnetization and the easy axis magnetic field flips 
the sense layer orientation of magnetization along the easy axis to switch the 
state of the memory cell. The magnitudes of the magnetic fields in the selected 
memory cell surpass levels needed to set or switch the state of the memory cell. 
The margin by which the magnitudes surpass the levels needed is referred to as a 
write margin. A large write margin ensures that the selected memory cell is 
written. However, an easy axis magnetic field alone can change the state of a 
memory cell. 

[0004] The non-selected memory cells along the selected word line and bit line 
are presented with only one magnetic field. These memory cells are referred to 
as half-selected memory cells. The margin between the magnitude of the 
magnetic field in the half-selected memory cell and the level needed to switch 
the half-selected memory cell is referred to as the half-select margin. A large 
half-select margin ensures that half-selected memory cells will not be 
inadvertently switched. 

[0005] The magnitudes of the magnetic fields needed to switch the state of a 
memory cell vary fi-om cell to cell across the array. Some selected memory cells 
will not switch if the write currents and subsequent magnetic fields are too small. 
Alternatively, some half-selected memory cells will switch if the easy axis 
magnetic field surpasses a certain magnitude. Intermittent and inadvertent 
switching problems call for extra error correction mechanisms or the array is 
gradually rendered unreadable. Increasing the write margin and half-select 
margin reduces these problems and makes for a more reliable magnetic memory. 

Summary of the Invention 
[0006] One embodiment of a magnetic memory includes a magnetic memory 
stack and a first line adjacent the magnetic memory stack. A second line crosses 
the first line, and a third line crosses the first line and the second line. The third 
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line is angled relative to the first line and the second line, where the first line, the 
second line and the third line are configured to produce magnetic fields that set 
states of the magnetic memory stack. 

Brief Description of the Drawings 
[0007] Embodiments of the invention are better understood with reference to the 
following drawings. The elements of the drawings are not necessarily to scale 
relative to each other. Like reference numerals designate corresponding similar 
parts. 

[0008] Figure 1 is a block diagram illustrating one exemplary embodiment of a 

magnetic memory, according to the present invention. 

[0009] Figure 2 is a diagram illustrating an exemplary embodiment of a 

magnetic memory cell array section, according to the present invention. 

[0010] Figure 3 is a diagram illustrating a cross section of the exemplary 

embodiment of the magnetic memory cell array section, according to the present 

invention. 

[0011] Figure 4 is a diagram illustrating a cross section of another exemplary 
embodiment of the magnetic memory cell array section, according to the present 
invention. 

[0012] Figure 5 is a diagram illustrating a cross section of another exemplary 
embodiment of the magnetic memory cell array section, according to the present 
invention. 

[0013] Figure 6 is a diagram illustrating a cross section of another exemplary 
embodiment of the magnetic memory cell array section, according to the present 
invention. 

[0014] Figure 7 is a diagram illustrating a cross section of another exemplary 
embodiment of the magnetic memory cell array section, according to the present 
invention. 

[0015] Figure 8 is a diagram illustrating a cross section of another exemplary 
embodiment of the magnetic memory cell array section, according to the present 
invention. 
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[0016] Figure 9 is a vector diagram illustrating the magnetic fields present in a 
sense layer during a write operation in the exemplary embodiment of the 
magnetic memory, according to the present invention. 

[0017] Figure 10 is a graph illustrating magnetic field strength in the sense layer 
along the easy axis and hard axis in one exemplary embodiment of the magnetic 
memory, according to the present invention. 

Detailed Description 
[0018] Figure 1 is a block diagram illustrating one exemplary embodiment of a 
magnetic memory 20, according to the present invention. The magnetic memory 
20 includes one or more angled conductors crossing magnetic memory cells to 
aid in switching the state of the magnetic memory cells. 
[0019] The magnetic memory 20 includes a magnetic memory cell array 22 
electrically coupled to a write circuit 24 and a read circuit (not shown for 
clarity). The array 22 includes magnetic memory cells 26 arranged in rows and 
columns. The write circuit 24 includes a row decoder, indicated at 28a and 28b, 
a column decoder, indicated at 30a and 30b, and an angled decoder, indicated at 
32a and 32b, electrically coupled to row, column and angled write conductors, 
specified herein as word lines 34a-c, bit lines 36a-c and angled lines 38a-e, 
respectively. The write conductors intersect at the memory cells 26. During a 
write operation, the write circuit 24 selects one row conductor, one column 
conductor and one angled conductor to write the intersected memory cell 26. 
The write circuit 24 supplies currents to the selected conductors to create 
magnetic fields aroimd the conductors according to the right hand rule. The 
magnetic field around the angled conductor combines with the magnetic fields 
around the row and colunm conductors to switch the state of the selected 
memory cell 26. The combined magnetic field in the selected memory cell 26 is 
stronger with the additional angled magnetic field. Non-selected memory cells 
26 situated along selected conductors, referred to as half-selected memory cells 
26, are presented with only one magnetic field. Write currents can be chosen to 
increase the write margin for a selected memory cell 26 and increase the half- 
select margin for the half-selected memory cells 26. The third angled conductor 
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is used to increase write margins and half-select margins as described in more 
detail later in this application. 

[0020] The magnetic memory 20 includes the magnetic memory cell array 22 
having a plurality of the magnetic memory cells 26. The memory cells 26 are 
arranged in rows and columns, with rows extending along an x-direction and 
columns extending along a y-direction. In the present embodiment, the easy 
axes of the memory cells 26 are along the x-direction, and the hard axes are 
along the y-direction. In another embodiment, the easy axis and hard axis 
directions are switched, with the easy axis along the y-direction and the hard axis 
along the x-direction. In other embodiments the easy axis and hard axis can be 
angled in relation to the x-direction and y-direction. Also, only a relatively small 
number of the memory cells 26 are shown to simplify the illustration of the 
magnetic memory 20. In practice, arrays of any size may be used. 
[0021] Conductive traces functioning as word lines 34a-c and bit lines 36a-c 
extend across the array 22. The word lines 34a-c, which are row conductors, 
extend along the x-direction in a plane on one side of the array 22. The bit lines 
36a-c, which are column conductors, extend along the y-direction in a plane on 
an adjacent side of the array 22. There is one word line 34a-c for each row of 
the array 22 and one bit line 36a-c for each column of the array 22. A memory 
cell 26 is located at a cross point of a word line 34arc and a bit line 36a-c. 
[0022] In the exemplary embodiment, conductive traces functioning as angled 
lines 38a-e extend diagonally across the memory cell array 22. The angled lines 
38a-e, which are angled conductors, extend in a plane on the same side of the 
array 22 as the word lines 34a-c. There is one angled line 38a-e for each 
diagonal of the array 22. A memory cell 26 is located at each cross point of an 
angled line 38a-e with a word line 34a-c and a bit line 36a-c, In other 
embodiments, the angled lines 38a-e could be angled across only one memory 
cell 26 or a set number of memory cells 26, such as two or three. Also, in other 
embodiments, the angled lines 38a-e are positioned on the same side as the bit 
lines 36a-c or on a side opposing the word lines 34a-c and the bit lines 36a-c. 
[0023] The write circuit 24 is electrically coupled to the word lines 34a-c, the bit 
lines 36a-c and the angled lines 38a-e for writing the magnetic memory cells 26. 
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The write circuit 24 includes the row decoder 28a-b electrically coupled to the 
word lines 34a-c, and the column decoder 30a-b electrically coupled to the bit 
lines 36a-c. Similarly, the angled decoder 32a-b is electrically coupled to the 
angled lines 38a-e. 

[0024] During a write operation, the row decoder 28a-b selects one word line 
34a-c and the column decoder 30a-b selects one bit line 36a-c for writing the 
state of the memory cell 26 located at the selected word line 34a-c and bit line 
36a-c cross point. During the write operation; the angled decoder 32a-b selects 
the one angled line 38a-e crossing the selected memory cell 26. 
[0025] The write circuit 24 supplies write currents to switch the state of the 
selected magnetic memory cell 26. The row decoder 28a-b supplies a write 
current through the selected word line 34a-c to create a magnetic field along the 
hard axis in the selected memory cell 26. The row decoder 28a-b sources and 
sinks the write current from the row decoder 28a to the row decoder 28b or vice- 
versa. The column decoder 30a-b supplies a second write current through the 
selected bit line 36a-c to create a magnetic field along the easy axis in the 
selected memory cell 26. The colunm decoder 30a-b sources and sinks the 
second write current fi-om the column decoder 30a to the colimm decoder 30b or 
vice-versa. Similarly, tiie angled decoder 32a-b supplies a third write current 
through the selected angled line 38a-e to create a third magnetic field in the 
selected memory cell 26. The angled decoder 32a-b sources and sinks the third 
write current firom the angled decoder 32a to the angled decoder 32b or vice- 
versa. In other embodiments, the row decoder 28a-b, colunm decoder 30a-b and 
angled decoder 32a-b may supply current in only one direction. The currents 
create magnetic fields around the selected word line 34a-c, bit line 36a-c and 
angled line 38a-e, according to the right hand rule. The three magnetic fields set 
the orientation of magnetization in the selected memory cell 26, as described in 
more detail later in this application. 

[0026] The magnetic memory 20 also includes sense conductors (not shown for 
clarity), which extend along the y-direction in a plane on one side of the array 
22. The sense conductors are electrically coupled to the read circuit for sensing 
the resistance through the magnetic memory cells 26. The word lines 34a-c, 
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which extend along the x-direction on an adjacent side of the array 22, are also 
electrically coupled to the read circuit. A magnetic memory cell 26 is located at 
a cross point of a sense conductor and a word line 34a-c. 

[0027] During a read operation, the read circuit selects one sense conductor and 
one word line 34a-c to sense the resistance through the memory cell 26 located 
at the cross point of the selected sense conductor and the selected word line 34ar 
c. Any number of methods can be used to sense the resistance through the 
selected memory cell 26. In one embodiment, the read circuit supplies a 
constant sense current through the sense conductor to the selected memory cell 
26. The constant sense current flows through the selected memory cell 26 and to 
the selected word line 34a-c. The voltage across the selected memory cell 26 is 
detected and used to determine the state of the selected memory cell 26. Circuits 
and methods for sensing the resistance and state of the memory cells 26 may be 
as disclosed and described in United States Patent No. 6,259,644, issued July 10, 
2001, entitled Equipotential Sense Methods For Resistive Cross Point Memory 
Cell Arrays, which is incorporated herein by reference. 

[0028] Figure 2 is a diagram illustrating an exemplary embodiment of an array 
section, indicated at 40. The array section 40 includes a magnetic memory cell 
26 having the word line 34a, the bit line 36c, the angled line 38a, a memory cell 
stack 42 and an isolation layer 44. The memory cell stack 42 is positioned 
between the word line 34a and the bit line 36c. The word line 34a and the bit 
line 36c are illustrated as essentially orthogonal to one another. However, the 
word line 34a and the bit line 36c can lie in other angular relations to one 
another. 

[0029] The angled line 38a is located next to the isolation layer 44, which 
insulates the angled line 38a from the word line 34a. The isolation layer 44 is 
formed thin enough to maintain the angled line 38a in close relation to the 
memory cell stack 42 such that the magnetic field created aroimd the angled line 
38a assists in switching the orientation of magnetization in the stack 42. The 
thickness of the isolation layer 44 can be anywhere from approximately 50 
Angstroms to approximately 1500 Angstroms and is preferably 300 Angstroms 
to 800 Angstroms thick. The angled line 38a is illustrated as essentially angled 
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45 degrees relative to the word line 34a and the bit line 36c. However, it is 
understood that the angled line 38a can have any angle of orientation between 0 
degrees and 90 degrees relative to the word line 34a and the bit line 36c. 
[0030] During a write operation, write currents are passed through the word line 
34a, the bit line 36c and the angled line 38a to change the orientation of 
magnetization in the stack 42. The word line 34a and bit line 36c write currents 
create magnetic fields, according to the right hand rule, which are essentially 
orthogonal to one another. The angled line 38a write current creates a magnetic 
field, according to the right hand rule, between the word line 34a and bit line 36c 
magnetic fields. The magnetic field around the angled line 38a has components, 
which align with the magnetic fields around the word line 34a and the bit line 
36c. These components add to the word line 34a and the bit line 36c magnetic 
fields to switch the orientation of magnetization in the stack 42, 
[0031] Figure 3 is a diagram illustrating a cross section of the exemplary 
embodiment of the array section 40. The array section 40 includes the memory 
cell stack 42 positioned between the word line 34a and the bit line 36c. The 
angled line 38a is located next to the isolation layer 44, which insulates the 
angled line 38a firom the word line 34a. In the exemplary embodiment, the 
memory cell stack 42 includes a sense layer 46, a barrier layer 50, a reference 
layer 48, a sense conductor 52 and a second isolation layer, indicated at 54. The 
barrier layer 50 electrically couples the sense layer 46 to the reference layer 48. 
The sense conductor 52 is located between the reference layer 48 and the second 
isolation layer 54, which is next to the bit line 36c. The second isolation layer 
54 insulates the bit line 36c fi-om the stack 42 and, ultimately, the word line 34a. 
[0032] In other embodiments, the sense conductor 52 and the second isolation 
layer 54 can be removed fi-om the stack 42. In these embodiments, the bit line 
36c is electrically coupled directly to the reference layer 48 and used during a 
read operation with the word line 34a. The bit line 36c and word line 34a, with 
the angled line 38a, can also be used during a write operation. In other 
embodiments, a second sense conductor and a third isolation layer are added 
between the sense layer 46 and the word line 34a. The second sense conductor 
is electrically coupled to the sense layer 46 and the third isolation layer insulates 
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the second sense conductor from the word line 34a. In these embodiments, the 
two sense conductors, 52 and the second sense conductor, are used during a read 
operation. The word line 34a, the bit line 36c and the angled line 38a are used 
during a write operation. In other embodiments, the sense conductor 52 can be 
removed from stack 42 and other means, such as a conductor in electrical 
communication with reference layer 48, made available for sensing the state of 
the memory cell 26. Also, in all of these embodiments, the positions of the sense 
layer 46 and the reference layer 48 can be switched with one another. Other 
embodiments of the present invention will become apparent to those skilled in 
the art after reading this specification. 

[0033] In the present embodiment, during a read operation, the word line 34a 
and the sense conductor 52 are selected by the read circuit. The read circuit 
provides a sense current through the word line 34a and the stack 42 and back to 
the read circuit via the sense conductor 52. The voltage across the stack 42, 
from the word line 34a to the sense conductor 52, is detected and used to 
determine the state of the memory cell 26. 

[0034] During a write operation, the write circuit 24 passes write currents 
through the word line 34a, the bit line 36c, and the angled line 38a to create 
magnetic fields in the sense layer 46. The isolation layer 44 is thick enough to 
insulate the angled line 38a from the word line 34a and is thin enough so that the 
magnetic field around the angled line 38a assists in switching the orientation of 
magnetization in the sense layer 46. 

[0035] Figure 4 is a diagram illustrating a cross section of another embodiment 
of the array section 40. The stack 42 is positioned between the word line 34a 
and the bit line 36c. In this embodiment, the angled line 38a is positioned near 
the bit line 36c. The isolation layer 44 is positioned between the bit line 36c and 
the angled line 38a to insulate them from one another. Read and write 
operations are performed as previously described. 

[0036] During a read operation, the word line 34a and the sense conductor 52 
are selected by the read circuit. Any number of circuits and methods can be used 
to sense the resistance through memory cell 26. In some embodiments, the read 
circuit provides a sense voltage across the selected memory cell 26. The word 
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line 34a is held at one potential, and the sense conductors 52 are held at a second 
potential. The current through the stack 42, from the word line 34a to the sense 
conductor 52, is detected and used to determine the state of the memory cell 26. 
In another embodiment, the read circuit and method previously described are 
used, where the read circuit provides a sense current through the word line 34a 
and the stack 42 back to the read circuit via the sense conductor 52. The voltage 
across the stack 42, from the word line 34a to the sense conductor 52, is detected 
and used to determine the state of the memory cell 26. Circuits and methods for 
sensing the resistance and state of the memory cell 26 are disclosed and 
described in United States Patent No. 6,259,644. 

[0037] During a write operation, the write circuit 24 passes write currents 
through the word line 34a, the bit line 36c, and the angled line 38a to create 
magnetic fields in the sense layer 46, The isolation layer 44 is thick enough to 
insulate the angled line 38a from the bit line 36c and is thin enough to permit the 
magnetic field around the angled line 38a to assist in switching the orientation of 
magnetization in the sense layer 46. 

[0038] Figures 5-8 are diagrams illustrating cross sections of different 
exemplary embodiments of the array section 40. In each embodiment, the 
angled line 38a is located next to the memory cell stack 42. Figures 5 and 6 
illustrate the memory cell stack 42 positioned between the angled line 38a and 
the bit line 36c. The angled line 38a is next to the sense layer 46 and the bit line 
36c is next to the second isolation layer 54. Figure 5 illustrates the isolation 
layer 44 positioned between the angled line 38a and the word line 34a. Figure 6 
illustrates the isolation layer 44 positioned between the bit line 36c and the word 
line 34a. 

[0039] During a read operation, the read circuit selects the angled line 38a and 
the sense conductor 52. Any number of read circuits and methods can be used to 
sense the resistance. In one embodiment, the read circuit passes a sense current 
through the angled line 38a and the stack 42, and back to the read circuit via the 
sense conductor 52. The voltage across the stack 42, from the angled line 38a to 
the sense conductor 52 is detected and used to determine the state of the memory 
cell 26. 
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[0040] During a write operation, the write circuit 24 passes write currents 
through the word hne 34a, the bit line 36c, and the angled line 38a to create 
magnetic fields in the sense layer 46. The isolation layer 44 is thick enough to 
insulate the word line 34a fi-om the rest of the memory cell 26 and is thin enough 
to permit the magnetic field around the word line 34a to assist in switching the 
orientation of magnetization in the sense layer 46. 

[0041] Figures 7 and 8 illustrate the stack 42 located between the word line 34a 
and the angled line 38a. The word line 34a is next to the sense layer 46 and the 
angled line 38a is next to the second isolation layer 54. Figure 7 illustrates the 
isolation layer 44 located between the angled line 38a and the bit line 36c, and 
Figure 8 illustrates the isolation layer 44 between the word line 34a and the bit 
line 36c. In other embodiments, the word line 34a, the bit line 36c, and the 
angled line 38a can be switched with one another and positioned in any 
combination adjacent the stack 42. 

[0042] For the embodiments illustrated in Figures 7 and 8, during a read 
operation, the read circuit selects the word line 34a and the sense conductor 52. 
Any number of read circuits and methods can be used to sense the resistance. In 
one embodiment, the read circuit passes a sense current through the word line 
34a and the stack 42, and back to the read circuit via the sense conductor 52. 
The voltage across the stack 42 from the word line 34a to the sense conductor 52 
is detected and used to determine the state of the memory cell 26. 
[0043] During a write operation, the write circuit 24 passes write currents 
through the word line 34a, the bit line 36c, and the angled line 38a to create 
magnetic fields in the sense layer 46. The isolation layer 44 is thick enough to 
insulate the bit line 36c and is thin enough to permit the magnetic field around 
the bit line 36c to assist in switching the orientation of magnetization in the 
sense layer 46. 

[0044] Figure 9 is a vector diagram illustrating the magnetic fields in the sense 
layer 46 during a write operation in the exemplary embodiment of the magnetic 
memory 20 illustrated in Figure 1 , according to the present invention. During a 
write operation, the write circuit 24 supplies write currents to the word line 34a, 
the bit line 36c, and the angled line 38a to produce magnetic fields, according to 
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the right hand rule. As illustrated in Figure 9, current passing through the word 
line 34a creates magnetic field H34 in the y-direction. Current passing through 
the bit line 36c creates an orthogonal magnetic field H36 in the x-direction. The 
magnetic field H34 is along the hard axis of the sense layer 46 and the magnetic 
field H36 is along the easy axis of the sense layer 46. Current passing through 
the angled line 38a creates a third magnetic field H38, which is angled between 
the word line magnetic field H34 and the bit line magnetic field H36. The third 
magnetic field H38 has an x-direction component, indicated at H38x, and a y- 
direction component, indicated at H38y. The x and y components of the angled 
line magnetic field H38 add to the bit line magnetic field H36 and the word line 
magnetic field H34 to increase the magnetic field strength in the sense layer 46. 
Thus, the total magnetic field strength in the x-direction is H36 + H38x and the 
total magnetic field in the y-direction is H34 + H38y. The stronger magnetic 
fields in the x and y direction ensure switching of the selected memory cell 26 at 
the intersection of the selected word line 34a, bit line 36c and angled line 38a. 
[0045] Non-selected memory cells 26 along the selected word line 34a, bit line 
36c and angled line 38a, referred to as half-selected memory cells 26, are 
presented with one of the three magnetic fields H34, H36, or H38. The currents 
passing through the selected line crossing the half-selected memory cells 26 
create the magnetic field. One magnetic field is not large enough to switch the 
half-selected memory cell 26. Write margin and half-select margin are increased 
by using a third angled line 38a to produce an angled magnetic field H38, as 
described fiirther next. 

[0046] Figure 10 is a graph illustrating magnetic field strength in the sense layer 
46 along the easy axis and the hard axis for switching the orientation of 
magnetization in the sense layer 46. The graph is referred to as part of an 
asteroid diagram. In an asteroid diagram, the magnetic field along the hard axis 
is represented by the vertical axis or y axis and the magnetic field along the easy 
axis is represented along the horizontal axis or x axis. In the exemplary 
embodiment, the hard axis field is created by currents passing through the row or 
word line 34a and the easy axis field is created by currents passing through the 
column or bit line 36c. 
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[0047] The curves in the asteroid diagram separate the diagram into three 
different areas. The area to the upper right of the diagram represents magnetic 
field strengths that switch the orientation of magnetization in sense layer 46. 
The area to the lower left of the diagram, between the origin and the first line 
represents the magnetic field strengths that do not switch the orientation of 
magnetization in the sense layer 46. The area between the two lines is a gray 
area where switching occurs for some memory cells 26, but not for others. The 
first curved line 60 away fi"om the origin represents the minimum magnetic field 
strength needed to begin switching the state of magnetic memory cells 26 in the 
array 22. The second curved line 62 represents the maximum magnetic field 
strength needed to switch the state of any magnetic memory cell 26 in the array 
22. The following examples demonstrate how write margin and half-select 
margin are increased by using a third angled line 38a to produce an angled 
magnetic field H38. 

[0048] In the first example, currents are supplied to the word line 34a and the bit 
line 36c to provide one unit of Row H Field and three units of Column H Field, 
the magnetic field strength in the selected memory cell 26 is indicated at 64. 
The magnetic field strength may be enough to switch the selected magnetic 
memory cell 26. However, the half-selected memory cells 26 along the bit line 
36c are presented with three units of Column H Field. As illustrated in Figure 
10, this is beyond first curved line 60 along the x-axis and enough to switch 
some of the half-selected magnetic memory cells 26. Therefore, this is not a 
good selection for Row H Field and Colimm H Field strength. 
[0049] In another example, two units of Row H Field and 2.5 xmits of Colunm H 
Field are applied to the selected memory cell 26, as indicated at 66. Again, the 
magnetic field strength may be enough to switch the orientation of magnetization 
in the sense layer 46 of the selected memory cell 26. However, as indicated 
along the Colvimn H Field axis, this is right on or surpasses the first curved line 
60 and may also switch some half-selected memory cells 26. In these examples, 
the Column H Field along the easy axis of the magnetic memory cell 26 is strong 
enough to switch some of the magnetic memory cells 26 in the array 22. 
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[0050] In another example, three units of Row H Field and 2 units of Column H 
Field are applied to switch the selected memory cell 26, as indicated at 68. This 
is good. However, the magnetic field strength is barely across the second curved 
line 62 and therefore the write margin for switching the magnetic memory cell 
26 is very small. 

[0051] In an example including magnetic field H38, the write margin and the 
half-select margin are increased. During a write operation, a write current is 
supplied to the word line 34a to generate one unit of magnetic field H34 along 
the Row H Field axis. A write current is also supplied to the bit line 36c to 
generate two units of magnetic field H36 along the Column H Field axis. In 
addition, a write current is supplied to the angled line 38a to generate one unit of 
magnetic field H38y along the Row H Field axis and one unit of H38x along the 
Column H Field axis. The fields combine to give two units of Row H Field and 
three units of Column H Field, as indicated at 70. The magnetic field strength in 
the sense layer 46 is squarely within the switched region of the asteroid diagram 
and the write margin is increased. Thus, the selected magnetic memory cell 26 
definitely switches. The half-selected memory cells 26 are presented with one 
Row H Field, as indicated at 72, or one Column H Field, as indicated at 74, or 
one angled line magnetic field H38, as indicated at 76. Each of these points is 
squarely in the non-switched region of the asteroid diagram, which indicates an 
increased half-select margin. The write margin for switching selected magnetic 
memory cells 26 and the half-select margin for not switching half-selected 
magnetic memory cells 26 are increased. 
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